Here we report cloning of the urothelium specific promoter uroplakin-II (UPKII) and generation of transgenic mice in which expression of SV40 large T antigen is driven by UPKII promoter.
Activation of oncogenes or inactivation of tumor suppressors in urothelium is considered critical for development of urothelial cancer.
Here we report cloning of the urothelium specific promoter uroplakin-II (UPKII) and generation of transgenic mice in which expression of SV40 large T antigen is driven by UPKII promoter.
Inactivation of tumor suppressor p53 and pRB in urothelium by SV40 T antigen resulted in urothelial carcinoma, resembling human high-grade carcinoma in situ. Specific deletion of p53 in urothelial cells using the newly generated UPKII-cre mice results in normal bladders without any evidence of cancer. The high-grade carcinoma in situ in the UPKII-SV40 mice is associated with significant activation of angiogenic signals consisting of hypoxiainducible factor-1α (HIF-1 α) and VEGF and a down-regulation of thrombospondin-1. Interestingly such pro-angiogenic activity was not associated with progression to invasive cancer.
Analysis of bladder-associated microRNAs in carcinoma in situ lesions reveals a pro-angiogenic profile, with specific overexpression of miR-18a and miR-19a and down-regulation of miR-107. A group of miRs identified as associated to invasive human urothelial cancer remained unchanged in this mouse model. Collectively, our results support the notion that activation of angiogenesis and loss of p53 are not sufficient for progression to invasive cancer. Our studies identify a new mouse model for bladder cancer that can be used to study factors that determine progression to an invasive phenotype of bladder cancer.
Urothelial carcinomas of the bladder are among the most frequent human cancers and account for more than 14,000 deaths annually in the US (1) . Most cases of urothelial cancer are superficial bladder tumors, but around 20% of them are invasive carcinomas that can generate metastasis at the initial presentation or later in the evolution of the disease. Two groups of superficial bladder tumors have been described (2) : low grade papillary neoplasms are the most frequent, with a low potential of transformation into invasive cancer. Conversely, carcinomas in situ (CIS) are biologically more aggressive and carry a high probability of turning into an invasive carcinoma. The molecular basis of urothelial bladder cancer is being progressively unveiled, and the generation of transgenic mouse models of bladder cancer obtained through the urothelial expression of oncogenes (SV40) (3) or deletion of tumor suppressor genes remains a viable strategy for unraveling this mechanism. It is acknowledged that there are at least two different pathways driving the malignant transformation of urothelium, each of them corresponding to one of the two types of urothelial tumors. The pathway leading to CIS, which is speculated to involve a loss of function of p53 (4) , is particularly important due to its role as precursor of invasive disease. However, p53 deletion does not seem to be sufficient for urothelial tumorigenesis unless there is either a concurrent deletion of pRb (5, 6) or Pten (7) or concurrent H-ras activation (8) .
Bladder urothelial carcinoma in situ poses a difficult conundrum in the clinical setting. Its high recurrence rate (90% of cases) and its frequent evolution to invasive disease make it a target for aggressive treatment regimens, such as bladder BCG therapy or cistectomy as in cases of extensive or persistent disease presentation (9) . Angiogenesis is among the biological factors which have been studied as potential predictors of progression to invasive tumors in superficial bladder carcinoma, and is considered by some groups as a useful biomarker (10) . In this regard, some clinical studies have suggested that elevated microvessel density (MVD), an indicator of angiogenic phenotype, was associated with progression of carcinoma in situ to invasive cancer, but some other clinical observations did not confirm these results (11, 12) . Similar conflicting results have been reported for VEGF levels in urine or plasma (13), or for VEGF and HIF-1 expression in the tumor, which some authors suggest as important for progression to invasive cancer (14) (15) (16) . Most studies include both CIS and pT1a type of tumors, thus making their interpretation confounding. Consequently, the emergence of angiogenic phenotype and its relevance for progression towards invasive bladder carcinoma are still controversial and need experimental validation.
The goal of our study was to determine the role of p53 and angiogenic phenotype in the initiation and progression of bladder cancer. SV40 T antigen expression is able to inactivate both p53 and Rb tumor suppression pathways, and its urothelial conditional expression driven by uroplakin II (UPK II) has been previously shown to generate urothelial bladder carcinoma in situ, with late muscle invasion and metastasis in a few mice (3). We generated a new transgenic mouse, UPK II-SV40, and observed that the development of high-grade urothelial carcinoma in situ was associated with a significant activation of angiogenic signals. This pro-angiogenic phenotype was independent of invasion and associated with specific changes in the profile of microRNAs regulating angiogenesis, without any effect on urothelial expression of invasion-related microRNA (miR). Lastly, loss of p53 alone in the urothelium did not result in initiation of cancer or angiogenic activation and mice were normal. Collectively, these results suggest that progression to invasive bladder cancer is not solely dependent on angiogenesis and therefore the notion that markers of angiogenesis or angiogenesis-related miRs may serve as useful markers to predict invasive bladder cancer needs to be carefully evaluated.
Experimental Procedures
Gene constructs and generation of transgenic mice-For the specific urothelial expression of SV40 large T antigen, a construct containing the urothelium specific promoter uroplakin II (3.6 kb) and the SV40 T antigen was designed. First, we cloned mouse uroplakin II (UPK II) promoter (Accession number: EF467361) from BAC clone RP24-308H8 with a PCR-based approach. During the cloning process we found that about 1500 base pairs of the UPK II promoter region which was deposited in gene bank (Accession number: U14421) was oppositely inserted between the two SacI restriction enzyme sites (from -1262 to -2805 from Exon1) in UPK II promoter. SV40 early sequence DNA was obtained from the Rip-TAG vector (kindly provided by Dr. Douglas Hanahan). The chimeric gene containing (5' to 3') the UPK II promoter (3.6 Kb), the SV40 T-antigen sequence (3.0 Kb) and a 250 bp polyA signal, was excised from the vector with EcoRI and BamH I digestion, and purified with the Illustra GFX PCR DNA and gel band purification kit (GE Healthcare). Additionally, we also generated a transgenic mouse that expresses the Cre recombinase enzyme in bladder uroepithelium by utilizing the same uroplakin (UPK) II promoter. Microinjection of the purified constructs in the pronuclei of fertilized eggs from C57/BL mice was performed for generation of transgenic mice (UPK II-SV40 and UPK II-Cre) at Beth Israel Deaconess Medical Center transgenic facility.
For specific urothelial knock-out of p53, the UPK II-Cre mouse strain described before was interbred to p53 floxed mice (NCI MMR) in which LoxP sites has been inserted in introns 1 and 10 of the p53 gene. To confirm urothelium-restricted expression of UPK II, a reporter strain was generated by interbreeding the UPK II-Cre with Rosa-R26R-YFP floxed mice (17 Histological techniques-Paraformaldehyde-fixed, paraffin-embedded 5 µm sections were treated with 10 mM citrate buffer for antigen retrieval and standard immunohistochemical techniques were applied. The following primary antibodies and dilutions were used: anti-SV40 T Ag (1:50; Santa Cruz), anti-VEGF Ab-1 (10 µg/ml; Thermo Fisher Sci), anti-HIF-1α (1:50; Santa Cruz), anti-Glut-1 (1:50; Abcam), anti-p53 (1:50; Santa Cruz) and anti-CD34 (1:50; Abcam). Biotinylated secondary antibodies (1:200) and Vectastain ABC kit were used according to manufacturer's instructions (Vector Laboratories). For hypoxia staining, the Hypoxyprobe TM -1 Kit (HPI, Inc) was used according to manufacturer's instructions (primary antibody: 1:50 dilution). For immunofluorescence, 5 µm frozen sections were fixed in 100% acetone at -20° C for 10 minutes. Primary antibodies were anti-CD31 (1:50; BD Biosciences Pharmingen), anti-CD34 (1:50; Abcam), anti-VEGF Ab-1 (10 µg/ml; Thermo Fisher Sci), and anti-NG2 (1:100; Santa Cruz). Sections were subsequently labeled with fluorescein-or rhodamine-conjugated secondary antibodies (Jackson Immunoresearch) and DAPI was used for nuclear counterstaining. For blood vessel evaluation, a sufficient number of sections to cover the whole area of bladder stroma and urothelium were analyzed at 200x, and the relative area of CD31 staining was quantified with the Image J software (NIH, Bethesda, MD, USA). For evaluation of pericyte coverage, the proportion of CD31 vessels with perivascular NG2 staining was calculated.
SDS-PAGE and Western Blot (WB) studies-
Samples (purified protein from whole bladder) were denatured with SDS sample buffer. Primary antibodies were anti-VEGF (1:500; Oncogene), anti-SV40 (1:100; Santa Cruz) and anti-actin (1:1000; Sigma). After incubation with horseradish peroxide-conjugated secondary antibodies (Sigma), an enhanced chemiluminescence (ECL) detection system (Pierce Biotechnology) was used
Real time RT-PCR and microRNA analysisTotal RNA was isolated from whole bladder tissues using TRIzol according to the manufacturer's recommendations (Invitrogen). After DNase I treatment (Invitrogen), reverse transcription for mRNA was carried out using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems). For microRNA studies, RNA reverse transcription was performed with the ABI Taqman MicroRNA Reverse Transcription Kit (Applied Biosystems) using specific stem-loop primers, as previously described (18) . Quantification of expression levels of VEGF, thrombospondin-1 (TSP-1), HIF-1α, HIF-1β, Dicer, Drosha and microRNAs was determined by quantitative real time-PCR using Sybr Green (Applied Biosystems) and an Applied Biosystems 7300 Detection System. GADPH and RNU6B (for microRNA) were used for normalization and all reactions were run in triplicate. Relative quantification of genes expression was analyzed with the comparative cycle threshold method (2 ─∆∆CT ). Sequences of miR, stem-loop primers and primers for rt RT-PCR are shown in Suppl. Table 1 . Other primers for rt RT-PCR are shown in Suppl. Table 2 .
Statistical analysis-Data are expressed as mean + SE. Statistical analysis was performed using SPSS version 15.0 (SPSS Inc.). Tests used were non-parametric Mann-Whitney (unpaired, two-tailed), and, when appropriate, Student's Ttest. Statistical significance was established as P<0.05.
RESULTS

Urothelial specific expression of SV40 T Antigen leads to development of bladder carcinoma in
situ─SV40 T large antigen expression is able to inactivate both p53 and Rb and its uroplakin II conditional expression has been previously shown to induce the development of bladder CIS (3). We generated a transgenic mouse model in which the newly cloned UPK II promoter drives the expression of the SV40 T antigen ( Figure 1A) . UPK II-SV40 (+) mice developed bladder urothelial carcinoma in situ with a 100% (39/39) penetrance starting from the first week of their life (Fig, 1B-D, 1F-O) . Although both males and females developed bladder carcinomas with similar disease progression kinetics, the bladder weight was higher in males, reflecting a higher tumor burden, as previously reported (19) (Fig.  1E ). Immunohistochemistry evaluation of paraffin-embedded bladder tissue revealed specific expression of SV40 in urothelial cells from UPK II-SV40 mice (Fig. 1P-Q) . Bladder transitional carcinomas developed with characteristics of human CIS or high-grade intraurothelial neoplasia (20) , exhibiting a flat growth, with large and pleomorphic nuclei and frequent mitoses (Fig.  1R) . A papillary high grade pattern appeared later, but was infrequent. Although previous reports of similar models showed muscle invasion and occasional metastasis (3, 4) , this was an infrequent and late event; accordingly, in our UPKII-SV40 lines we observed one incidence (1 out of 39) of lamina propria invasion but without muscle involvement or distant metastases (4 to 6 months). The development of urothelial carcinomas in renal pelvis and ureter followed a similar, but slower, progression ( Fig.1S-V) .
Analysis of pro-angiogenic phenotype of UPK II-SV40 bladder carcinoma─The expression of VEGF, the main pro-angiogenic factor in cancer, has been considered a critical factor in SV40 induced tumor progression (21) . To analyze the angiogenic pattern in our model of bladder carcinoma in situ, we performed immunofluorescence for CD31 and CD34. Staining for both markers was considerably increased in the bladder of UPK II-SV40 mice, when compared with controls ( Fig. 2A-D) . Tumor growth was associated with the development of a prominent vasculature, as shown by a statistically significant increase in the CD31 area (P=0.017) (Fig. 2G) . To evaluate the maturation status of carcinoma-associated bladder vessels, we double labeled the bladder for CD31 and NG2, a pericyte marker (Fig. 2E-F) . Pericyte coverage of vessels was similar in both groups, thus suggesting a normal maturation and function of bladder tumor associated vasculature in this stage (Fig. 2H) . Differences in CD31 or NG2 staining (corrected by bladder area) were not observed between males and females.
To provide further evidence of a proangiogenic phenotype and to explore the potential mechanism/s of vessel proliferation, western blot (WB) of VEGF was performed using SV40 as a control for the presence of transformed urothelium. The analysis of WB revealed higher VEGF levels in UPK II-SV40 (+) mice (Fig. 3A) . VEGF expression in SV40 urothelial tumors, as evaluated by immunofluorescence, was detected in stroma ( Fig. 3B-G) , but was stronger in the urothelium, where it co-localized with UPK II (Fig. 3H-M) .
Since hypoxia-related pathways have a role in the generation of a tumor associated angiogenic phenotype, hypoxia was next assessed in bladder tissues. When compared to control, UPKII-SV40 mice exhibited higher level of hypoxia as evaluated by Hypoxyprobe labeling (Figure 4A-B) . HIF-1α participates in angiogenesis and it is expressed in human CIS (16, 22) . We found an intense expression of HIF-1α both in the transformed urothelium and in the tumor stroma (Fig. 4C-D) , thus highlighting the participation of the hypoxia response pathway in VEGF production and neoplastic progression of bladder CIS. Staining for Glut-1, a glucose transporter whose upregulation is usually dependent on HIF-1α (23), was also increased in bladder tumoral epithelium when compared with normal urothelium and with tumor stroma (Fig. Suppl.  1A-D) .
Analysis of the expression of angiogenic growth factors and hypoxia markers, as evaluated by real time RT-PCR, showed an increase in VEGF and HIF-1β, and down-regulation of thrombospondin-1 (Tsp-1), a well-known inhibitor of angiogenesis (19) (Fig. 4E) . We did not find any difference between females and males in the expression of VEGF, HIF-1 or TSP-1 (Table  Suppl. 3).
Bladder carcinoma in situ is associated with modulation of angiogenesis-related microRNA─
Dysregulation in the expression of microRNAs (miRs), a group of small non-coding molecules of RNA with an important role in post-transcriptional gene regulation, is a frequent phenomenon in cancer (24). Thus, we next sought to identify modifications in the profile of miRs related to the regulation of angiogenesis (25), such as the miR-17-92 cluster (26) . Whole bladder from UPK II-SV40 mice revealed an increase in the expression of miR-18a and miR-19a, which are considered responsible for pro-angiogenic effects (27) , while miR-17/20 and miR-92a were unchanged ( Figure  5A ). These results, taken together with TSP-1 downregulation (Fig. 4E) , are consistent with a pro-angiogenic effect of miR-17-92 in this model. Additionally miR-107, another angiogenesisrelated miR whose expression is thought to be dependent on p53 status (28), was significantly decreased in bladder carcinoma in situ when compared to normal bladder (Fig. 5B) . A similar pattern of angiogenesis-related miR was found both in males and females although there was a trend towards increased pro-angiogenic miRNAs, such as miR-18a, miR-19 and miR-20a in the females (Table Suppl. 3).
Since expression of Dicer and Drosha, two enzymes participating in miR processing may be upregulated in the setting of increased angiogenesis (29-31), we next analyzed its expression in bladder CIS. As shown in Fig. 5C , both of them exhibit significant increase in expression, consistent with their potential role in the generation of a pro-angiogenic profile.
Uncoupling of pro-invasive and pro-angiogenic microRNA profiles in UPK II-SV40 urothelial carcinoma in situ─
To determine whether differences in miR regulation might explain the uncoupling of invasion and angiogenesis in UPK II-SV40 bladder CIS, we analyzed the expression of other miRs previously reported as important for the progression or invasion of urothelial bladder cancer: miR-21 (32), miR-205 (32,33), miR-34a (34), miR-222 (35), miR-129 (36), miR-200c (37), and miR-145 (36, 38, 39) . As shown in Figure 5D , their relative expression in bladder carcinoma in situ did not significantly change when compared to the normal bladder. Only miR-145 expression, related to urothelial transformation versus muscle invasion (38, 39) , was downregulated in UPK II-SV40 CIS. MiR-21:miR-205 ratio, which has been recently reported as a sensitive marker of bladder tumor invasion, was unaltered (32) .
Specific loss of p53 in the bladder uroepithelium does not result in bladder carcinoma or acquisition of a pro-angiogenic phenotype─ p53 allelic loss or mutations usually coexist in SV40 T-induced carcinomas and high grade human urothelial tumors, and are associated with poor prognosis. Because precise cellular origin of bladder carcinomas is still unclear, a mouse model in which p53 deletion involves all layers of urothelium was generated. In the UPKII-Cre;p53 f/f mouse model (Fig. 6A) , deletion of p53 in the urothelium was not associated with formation of bladder carcinomas or other morphological alterations ( Fig.  6B-E) . Immunolabeling confirmed the lack of p53 expression in all cell layers of urothelium ( Fig. 6G-H) .
Further confirmation of urothelium-restricted expression of the Cre, was obtained using reporter mice generated after breeding of UPK-II-Cre with Rosa-R26R-YFP floxed mice (Fig. Suppl. 2A) . When compared to control mice, YFP expression was specifically detected in the urothelial cells of bladder ( To determine whether the pro-angiogenic profile observed in the UPK II-SV40 mice was related to p53 deletion, we examined the vasculature of bladders from UPK II-Cre;p53 f/f mice. As shown in Fig. 7A -B, increased vascularization was not observed in UPK IICre;p53 f/f mice, when evaluated using immunofluorescence for CD31 (Fig. 7C) . Pericyte coverage of blood vessels was also similar in both groups. We did not observe any difference in hypoxia response as evaluated using HIF-1α staining (Fig. 7D-E) and VEGF staining (data not shown) Finally, analysis of the expression of angiogenic factors and hypoxia mediators revealed insignificant differences between controls and UPK II-Cre; p53 f/f mice (Fig. 7F) . In particular, TSP-1 levels, were not decreased in UPK IICre;p53 f/f urothelium. Taken together, these data demonstrate that isolated p53 deletion is not sufficient in inducing an angiogenic phenotype in the urothelium.
Finally, we also analyzed the microRNA profile of bladders from UPKII-Cre;p53 f/f and found that neither miR-107 nor the miR-17-92 cluster were up-regulated. Invasion-related miR (miR-21, miR-205, miR-222 and miR-34a) also revealed similar expression levels in both groups (Fig. 7G-H) . These results differ from those observed in the UPKII-SV40 model and suggest that the development of an angiogenesis-related miR profile is not dependent on just p53 inactivation alone. Thus, additional oncogenic events, besides p53 deletion, are necessary for generating both a pro-angiogenic profile and development of urothelial carcinoma in situ.
DISCUSSION
Angiogenesis is a key process in the growth and malignant progression of human cancer. The tightly regulated physiological balance between pro-and anti-angiogenic signals is influenced by cancer cells and the tumor stromal cells, leading to the development of a vascular network that is able to support the growth and invasion of the tumor (40) . While much has been unraveled in the last several years about the mechanisms by which tumor angiogenesis increases and participates in cancer progression, the role of microRNA in its regulation is only beginning to be understood. MicroRNAs are small non-coding molecules of RNA important in post-transcriptional gene regulation via either inhibition of translation or degradation of mRNA (41). After a complex processing step, mature single-strand miR are able to target a wide range of partially complementary specific sequences, thus participating in the regulation of many biological functions (42) . As it has been recently shown, modifications in the miR expression profile can be observed in most human diseases and specifically dysregulation of miR is a frequent occurrence in cancer (24). miRs are key steps of cancer progression including angiogenesis (25) , invasion (43) and metastasis (37, 44) . In the setting of urothelial bladder cancer, altered regulation in a number of miRs and specific miR patterns have also been reported for urothelial carcinogenesis (38, 39) , high histological grade (34), invasive phenotype (32, 33) and metastatic phenotype (35, 45) .
Also, the significance of angiogenesis for progression of superficial bladder carcinoma, and specifically carcinoma in situ, is yet unexplored. In clinical studies, an increased angiogenesis seems to be related to superficial bladder carcinoma of histological grade, but its prognostic relevance for recurrence or progression to muscleinvasive disease, which is a significant concern in the clinical management of patients with bladder CIS presentation remains unclear (10) (11) (12) . To provide further insights into the functional role of angiogenesis in urothelial carcinoma in situ, we generated transgenic mice in which the urothelialspecific expression of SV40 large T antigen leads to malignant transformation and induces bladder carcinoma in situ. In this model, we were able to demonstrate development of bladder carcinoma in situ and increased angiogenesis but progression to invasive disease was not identified. Therefore, our results suggest that inactivation of p53 and Rb, an increase in angiogenesis and angiogenesis-related microRNA pattern are not sufficient for emergence of invasive bladder carcinoma.
The inactivation of p53, a consequence of SV40 T Antigen expression (3) and a speculated fundamental step in the origin of urothelial carcinoma in situ (4), has been linked to a proangiogenic response in bladder cancer (46, 47) . In contrary, our experiments suggest that specific loss of p53 in the bladder urothelium is not sufficient to induce angiogenesis or bladder cancer.
In the UPK II-SV40 model of urothelial CIS, a higher VEGF expression was observed, and, as shown by co-localization with UPK II, it presents in the transformed epithelium (20) . Additionally, bladder CIS also exhibits significant downregulation of TSP-1 expression, previously reported as critical in the acquisition of angiogenic phenotype in a androgenic-dependent model of bladder carcinoma (19) . In this model, a general pattern of increased vascularization and pro-angiogenic signals was associated with hypoxia and HIF-1α and HIF-1upregulation (16, 22) . Despite higher rate of tumor growth in males, we did not detect a difference in the angiogenic factors between males and females, suggesting that angiogenic activation is not merely dependent on tumor size.
Our results suggest that pro-angiogenic profile may be partially explained by differences in microRNA regulation. Previous reports have shown that the miR-17-92 cluster (also known as OncomiR-1), which includes miR-17, -18, -19a, -20a and -92, may promote tumor angiogenesis by inhibition of TSP-1 and other factors (26) , although some of its members, such as miR-17, might also exhibit anti-angiogenic activity under certain conditions (27) . The increased expression of pro-angiogenic miR-18a and miR-19a in UPK2-SV40 mice, taken together with normal levels of miR-17/20, suggests a potential pro-angiogenic role for miR-17-92 in bladder CIS.
Recent data shows that the p53-dependent miR-107 upregulation is able to inhibit HIF-1β and hypoxic signaling in cancer cells, consequently limiting tumor angiogenesis (27) . SV40 large T antigen functionally inactivates p53. Therefore, we hypothesized that in UPK II-SV40 bladder tumors, mir-107 may be downregulated. This possibility was supported by observing a striking decrease in miR-107 levels in bladder CIS, which could also explain in part the enhanced hypoxic response observed in our model. Additionally, regulation of miR expression in general is also dependent on the activity of two miR processing enzymes: Dicer and Drosha. Down-regulation or loss of Dicer impairs angiogenesis in vitro (29, 30) and in vivo (31) via upregulation of TSP-1. We observed exactly the reverse pattern in the UPK II-SV40 bladder CIS. Moreover, we did not observe upregulation of angiogenic factors and angiogenesis-related miRs in the UPK II-Cre; p53 f/f mice. MiR-107 levels were not altered. These results question the contribution of isolated p53 deletion in the urothelium for the emergence of angiogenesis phenotype.
A predominant feature of our model of urothelial CIS was the absence of invasion, even in large tumors. Several clinical studies and experimental studies using in vitro and in vivo models have identified a number of miRs as important for progression and invasion associated with urothelial cancer. Some of them, such as miR-145 (36, 38, 39) or miR-34a (34, 48) are characteristically downregulated in bladder carcinomas and may act as tumor suppressors, but their relation to invasive disease is unclear. Others, like miR-21 (32, 34, 36) or miR-222 (35) can be upregulated in carcinomas and are frequently regarded as markers for invasive cancer. Downregulation or silencing of miR-205 has been proposed as a predictor of invasive urothelial tumors (32, 33, 36) . The ratio miR-21:miR-205 was recently proposed as a marker of muscle-invasive disease (32) . In our model, no significant changes in expression levels of those invasion-related miR or in the miR-21:miR-205 ratio were observed. Similarly, miR-129, whose upregulation is related to progression, poor prognosis and T2-4 stages (36), was not significantly increased in UPK II-SV40 bladder CIS. Finally, we did not find changes in miR-200c, down-regulation of which in bladder cancer is associated with epithelial to mesenchymal transition (33, 49) , a process by which cancer cells aquire invasive or metastatic capabilities (50).
In conclusion, our UPKII-SV40 model of bladder CIS provides some insights on the natural history of this neoplasia. Although we observed a rapid emergence of tumors in the bladder, we did not find an evolution to muscle-invasive tumors or metastasis, which were reported as infrequent events in previous publications (3, 4) and maybe related to the accumulation of other mutations or tumor suppressor inactivations (51). In this particular model, the induction of a strong angiogenic phenotype was not sufficient for the development of muscle invasion or metastasis. Analysis of miR expression exhibited a pattern of change consistent with pro-angiogenic phenotype, but miRs related to invasion, were essentially unmodified in our UPK II-SV40 urothelial tumors. These data should be considered in the context of the controversial reports for the role of angiogenesis markers in predicting recurrence or invasion in clinical studies with superficial bladder carcinomas (11-13,52). Figure 1 . Urothelial carcinoma in situ in UPKII-SV40 mice. Transgenic mice expressing the SV40 T Antigen under the control of urothelium-specific UPK II promoter spontaneously developed urothelial carcinoma in situ. A, chimeric gene consisting in the UPKII promoter, the SV40 T-antigen and a polyadenylation signal. B-D, macroscopic aspect of a tumor involving the whole bladder (white arrow) in a 5-month old UPK II-SV40 mouse (B), as compared to normal bladder in a wt littermate (C, white arrow). E, evolution of bladder weight (mg) in transgenic and WT mice, significantly increased in males. F-O, bladder urothelial CIS was evident since 1-week of age, and grew progressively without muscle invasion or metastasis. P-Q, immunohistochemistry for SV40 Ag showing the urothelium-specific expression of SV40 in UPKII-SV40 mice. R, high-power H&E stained sections showing an area of urothelial CIS with large and pleomorphic nuclei and loss of cell polarity. S-V, CIS in the renal pelvis (S-V) and ureter (U-V) of UPK II-SV40 mice, compared with normal urothelium in littermate controls. 
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